Background: Glycated Albumin (GA) has been proposed as a short-term indicator of glycemic homeostasis. The aim of this study is to describe the distribution of GA in a large sample of blood donors from Italy to evaluate whether demographic features, namely age and sex, could influence GA levels and define specific reference limits.
Introduction
Diabetes has become a public health challenge in recent years given its increasing prevalence worldwide [1] . Universally-adopted diagnostic criteria include the increase of fasting plasma glucose (FPG), 2-h plasma glucose after an oral glucose tolerance tests and HbA 1c [2] , which are considered good indicators of the metabolic imbalance for diabetes mellitus. Monitoring glycemic control represents the basis for managing diabetic patients, and it is achieved by measuring HbA 1c and self-monitoring blood glucose [3] . HbA 1c is a product of the glycation process that potentially involves all proteins, although at different rates based on cellular localization, circulating levels and amino acid composition. Although HbA 1c is widely used for both diagnosis and monitoring diabetes, its clinical use is debated in some settings, such as pregnancy, anemia, frequent transfusions, end-stage renal disease. Moreover, given the lifespan of erythrocytes, it retrospectively reflects glycemic levels in the previous 60-90 days, but its diagnostic value is limited when considering shorter intervals.
Although achieving a good glycemic control by maintaining HbA 1c levels <7% (53 mmol/mol) remains a primary goal for diabetic patients, further evidence suggests that limiting glycemic variations, in terms of both hyper-and hypoglycemic peaks, impacts cardiovascular outcomes more than maintaining constant, although high, plasma glucose [4] . Interestingly, some authors speculated that a short-term indicator of protein glycation could reflect glycemic fluctuations better than HbA 1c , although this hypothesis still requires confirmation from large prospective studies [5] [6] [7] .
Glycated albumin (GA) has been proposed as a short-term indicator of glycemic homeostasis, given that albumin turnover is about 20 days [8] . Recently, a colorimetric-enzymatic method has been developed to assess circulating levels of GA on automated analyzers, commonly used for the measurement of clinical chemistry traditional test [9, 10] . GA has been introduced in Japan for blood donor screenings as an effective indicator for individuals at risk of developing diabetes [11] . Results from the Atherosclerosis Risk in Communities (ARIC) study demonstrated that GA was associated to the risk of developing diabetes independently of HbA 1c and fasting glucose [12] . A large community-based study conducted in China evaluated the correlation between GA with FPG and HbA 1c , and proposed the GA cut-off at 15.5% to identify a poor glycemic control in clinical practice [13] . Nevertheless, no studies analyzing the reference values of GA have been published for a sample of the Caucasian population. The aim of this study is to describe the distribution of GA in a large sample of blood donors from Italy to evaluate whether demographic features, namely age and sex, could influence GA levels and to define specific reference limits.
Materials and methods

Subjects
The study included 1356 consecutive donors between the ages of 18 and 65 years, at the Unit of Transfusion Medicine of Villa SofiaCervello Hospital in Palermo from April 2016 to September 2016. The study protocol was approved by the Local Ethics Committee in accordance with the Declaration of Helsinki, and all study participants gave informed consent. After excluding subjects with no FPG available (n = 22), the remaining 1334 were considered for this study. The mean age of the entire study group was 41.4 ± 12.2 years, 70.5% were males. The exclusion criteria for donation were: neoplasia; autoimmune diseases; celiac disease; coronary artery disease; angina; cardiac arrhythmias; history of cerebrovascular disease; arterial thrombosis; recurrent deep vein thrombosis; hypertension with organ damage; organic diseases of the central nervous system (CNS); transplant recipients; coagulopathies; epilepsy; anaphylaxis; infectious diseases; any chronic hepatic, gastrointestinal, urogenital, hematologic, immunologic, renal, metabolic and respiratory disease. In accordance with local laws, diabetics with a good glycemic control and no insulin treatment were admitted for donation. Glycemic control was evaluated basing on self-reported HbA 1c <53 mmol/mol; preprandial plasma glucose between 4.4 and 7.2 mmol/L; and postprandial plasma glucose <10 mmol/L. All subjects were Italian, except for two individuals from Africa and one from Asia.
The subjects included in this study were further classified as normal, as having impaired fasting glucose (IFG) and diabetics based on FPG. Particularly, subjects with FPG ≤5.5 mmol/L were classified as normal; subjects with FPG from 5.6 mmol/L to 6.9 mmol/L were classified as having IFG; subjects with FPG ≥7.0 mmol/L were classified as diabetics. Blood samples, complete medical history and written informed consent were collected from participants upon arrival at the Transfusion Medicine Unit.
Laboratory analysis
FPG was measured immediately using the Architect C800 instrument and reagents (Abbott). Plasma K2-EDTA (Greiner Bio-One) was aliquoted and stored at −80° until GA analysis. GA was measured using an enzymatic method (quantILab Glycated Albumin, IL Werfen, German) on ILab Taurus system (IL Werfen). This assay measures total albumin and the glycated amino acids originated from the proteolytic degradation of glycated albumin simultaneously. GA concentration is reported as a percentage of the total albumin, and corrected with the inter-method arithmetic expression designed to adhere to the GA levels determined with HPLC [10] . Imprecision of the assay was evaluated analyzing two samples, at the concentrations of 15.2% and 32.1%, respectively, 20 times in the same run (within-run CV %), and repeated for 15 days (between-run CV %). Between-run CV % were 3.1 and 2.5 at low and high concentrations, respectively. Within-run CV % were 1.3% and 0.9% at low and high concentrations, respectively.
Statistical analysis
All statistical analysis was performed using SPSS software. Variables were presented as mean ± standard deviation (SD) for continuous variables, as medians with interquartile ranges (IQR) for not-normally distributed continuous variables, and as a percentage for the categorical variables. Normality of distributions was assessed using the Kolmogorov-Smirnov test. Differences between normally-distributed variables were evaluated using ANOVA. Differences in GA concentration among age-and sex groups were evaluated by the Kruskal-Wallis test. For upper reference limit (URL) determination, subjects with FPG ≥7.0 mmol/L (n = 26) were excluded for the analysis, based on the American Diabetes Association guidelines for diabetes diagnosis [2] . URL was calculated with the non-parametric percentile method in accordance with the Clinical and Laboratory Standard Institute -CLSI C28-A3, considering values in the 95% of the distribution [14] . The statistical significance of p < 0.05 was accepted for all the tests.
Results
Initially, this study included 1356 individuals. Twenty-two subjects were excluded because FPG was not available, so the analysis was performed on the remaining 1334 subjects, of which 941 (70.5%) were males. The mean age of the study group was 41.4 ± 12.2 years. Table 1 shows the distribution of plasma GA in relation to age. Interestingly, a modest, although significant, increase of GA with age was observed (p < 0.001). When considering GA levels based on sex, we found that GA in males (12%; IQR: 11.3-12.8) was slightly lower than in females (12.2%; IQR: 11.4-13.1) (p = 0.01). When males and females were stratified by age, GA showed a different distribution based on age in males and, to a lesser extent, in females (Table 2 ). Specifically, GA shows a constant increasing trend in males from 18 to 65 years old, while a similar trend cannot be observed in females (Figure 1) .
After excluding 26 individuals with FPG ≥7.0 mmol/L, the remaining 1308 were considered for the calculation of the URL of GA, defined as the 97.5% of the distribution. In this sample, the GA URL was 14.5% (95% CI: 14.3-14.7). When considering males and females separately, the URL was 14.4% (95% CI: 14.1-14.7) in males and 14.6% (95% CI: 14.5-15.2) in females.
Subjects were classified as normal (FPG ≤ 5.5 mmol/L), impaired fasting glucose (IFG) (FPG from 5.6 mmol/L to 6.9 mmol/L), and diabetics (FPG ≥ 7.0 mmol/L) based on FPG. As shown in Table 3 , GA was higher in diabetics (14.6%; IQR: 12.5-18.9) in comparison to subjects with IFG (12.5%; IQR: 11.6-13.3) and normal subjects (12%; IQR: 11.3-12.8) (p < 0.001). As expected, also age and FPG showed the same trend (p < 0.001 and p = 0.003, respectively). Particularly, FPG was 4.8 ± 0.4 mmol/L in normal; 5.9 ± 0.4 mmol/L in IFG and 8.8 ± 2.1 mmol/L in diabetic subjects, respectively. Moreover, 1.3% of normal and 7.8% of IFG subjects had high GA.
Interestingly, when using the GA cut-off at 14.5%, calculated as the 97.5° percentile of the GA distribution as previously described, 3.1% (42/1334) of donors were classified as having high GA, while only 1.9% (26/1334) were diabetics based on FPG, suggesting that the two markers could reflect different aspects of glucose homeostasis. Overall, subjects with GA ≥14.5% presented a mean age of 48.4 ± 12.2 years, 66.7% were males and the mean FPG was 6.88 ± 2.5 mmol/L.
Discussion
GA can be considered a short-term indicator of glucose homeostasis that could help evaluate glycemic control. Its clinical use has been proposed in specific settings in which HbA 1c , recognized by several international guidelines as the gold standard for monitoring diabetes, is affected by major limitations, such as in anemia or shortterm control of anti-diabetic therapy. Moreover, an early diagnosis of diabetes, when the metabolic imbalance is still moderate, remains a challenge. Clinical research on the role of GA in diagnosing and monitoring diabetes requires the knowledge of its circulating levels in healthy individuals, as well as the standardization of analytical methods. The use of an enzymatic-colorimetric assay allows the high-throughput measurement of GA because it is performed on the same sample used for routine clinical chemistry tests, and with analyzers commonly used in clinical laboratories. The standardization of the method for GA and the definition of biological variability have been recently achieved [10, 15] ; however, no large studies on a reference Caucasian population have been published yet. Moreover, before introducing GA in clinical practice, it is important to define specific reference limits and the potential influence of age and sex on its distribution in a reference population. In this study, a large sample of blood donors was considered for assessing the influence of sex and age on circulating GA levels, and for GA URL calculation. Results showed a slight increase of GA with age, particularly in males. The increase of GA with age could be explained by the well-documented imbalance of glucose homeostasis at older ages [16] . Our study was designed in aim to define the URL in a reference population, in which physiological and pathological conditions that could interfere with analyte concentration are controlled as much as possible. For this reason we chose blood donors to conduct our study, and not individuals from the general population, because in the latter controlling these variables is challenging.
Our findings agree with Araki et al., who showed a similar trend for GA at increasing ages in a large study on blood donors conducted in Japan [11] . In our study, we did not find a clinically relevant increase of GA in females at older ages, probably due to the different impact of ageing on glucose homeostasis among men and women [17] . It should be noted that in our study females were less represented than in the study by Araki et al., affecting the statistical value of the analysis.
Although the similar increasing trend of GA with age, the GA median levels documented in the study by Araki et al. were higher than the ones found in our study, probably due to the different ethnicity. It can be hypothesized that common allelic variants could be responsible of the expression of different albumin amino acid sequences among populations and, consequently, have different glycation patterns. In addition to genetic background, several other factors could explain different glycation rates among a population. For example, it has been demonstrated in vitro that the structure of the side chain of Lys525, the most frequent site of glycation, is altered in presence of fatty acids [18] . It is reasonable that in vivo different concentrations of free fatty acids, probably due to different dietary habits between Asian and Western populations, could affect glycation rate of such residue by altering the surrounding structure [19] . Notably, our population, consisting of only Caucasian subjects, was highly homogeneous for ethnicity. In a large cohort study involving 1575 individuals from Japanese general population (Kyushu and Okinawa Population Study, KOPS), no significant differences for GA levels were detected in different sexes [13] . This apparent discrepancy with our result can be explained considering that the mean age of the population considered in the KOPS study was 49.9 years, significantly higher than the one observed in our population, and that the main sex differences we observed were at younger ages, becoming no more appreciable at the higher ones.
After excluding subjects with diabetes, based on their FPG, we reported the URL of GA as 14.5%. Although we found a statistically significant association of GA with ageing in the entire study sample, and especially in males, where the differences were more pronounced (GA levels varies from 11.6% in younger males to 12.4% in the older ones), we decided to consider a unique URL because further stratification for age beyond sex would have yielded to small subgroups and, thus, have limited the The GA positivity was based on the URL of 14.5%, namely the 97.5° percentile of its distribution in this study.
statistic value of the analysis. Moreover, although statistically significant, the age-dependent differences in males can be considered of minor clinical relevance. However, it requires confirmation from studies assessing the clinical use of GA in well-characterized diabetic patients and subjects at risk of developing diabetes. Considering the GA URL of 14.5%, namely the 97.5° percentile of its distribution in this study, the prevalence of high GA was 4.4%. In a similar study, Araki et al. [11] found that subjects with altered glucose metabolism and diabetes, defined as GA > 16.5% and classified in the same group, were 2.8% of males and 2.3% of females. Although results are not directly comparable, they could suggest a different prevalence of elevated GA in the two populations.
Few studies have reported the reference range of GA among the Caucasian population. In the study by Testa et al. higher values of GA were reported in a group of 252 European subjects [20] . This difference may be due to a less strict selection of individuals. In our study, indeed, subjects affected by any chronic hepatic, malignant, kidney, thyroid disorders that could affect albumin concentration, were excluded.
Interestingly, in this study a significant proportion of subjects classified as normal and IFG based on their FPG, 1.3% and 7.8%, respectively, had high levels of GA. This result indicates that, if confirmed in clinical studies, GA could identify a significant proportion of subjects with an altered glucose homeostasis that FPG couldn't identify. Nevertheless, a full comprehension of the mechanisms that link glucose dysmetabolism, albumin glycation and its stability in circulation, is mandatory to confirm this hypothesis. It is known that FPG and GA reflect different aspects of metabolic control, the first being an immediate indicator, and the second a short-term retrospective indicator. Moreover, GA reflects both postprandial and fasting plasma glucose. For these reasons, it is understandable that the two markers have different diagnostic performances. A limitation of the study is that a strictly adherent classification to ADA criteria of normal, IGT and diabetics is lacking because HbA 1c and OGTT were not available.
In conclusion, this is the first study describing GA plasma levels in a large sample of blood donors in Italy, and the role of influencing factors such as age and sex. The definition of the URL for GA could be useful for both clinical studies that will clarify the role of GA in diabetes diagnosis and monitoring, and will encourage the introduction of GA in clinical practice.
